Study objective-This paper examines the relationship between season, age, and the sudden infant death syndrome (SIDS). It provides a theoretical model for the pathogenesis of SIDS and uses it as a framework to consider risk factor mechanism.
Subjects-Cases were all infants born 1975 to 1987 who died of SIDS on whom birth notification information was available (n = 348). The live birth cohort (n= 55 944) was used as the control population for risk factor identification.
Measurements and main results-The median ages of death for spring, summer, autumn, and winter born infants were 115, 103-5, 91 and 78 days. Spring and summer born infants died at a significantly older median age than winter born infants. The month of birth distribution of SIDS cases did not alter significantly from a uniform, nonseasonal distribution (p > 0 25) but month of death was seasonally distributed (p<0-01). Premature and low birthweight infants died at an older median age (p < 0 05) than term and non-low-birthweight infants. An excess of male infant deaths and infant deaths to older mothers occurred during winter (p < 0-05).
Conclusions-The pathogenesis of SIDS can be represented as a biphasic model with three pathways of risk factor operation. In this study, season influenced the age at death of siDs infants. We propose that risk factors with a strong seasonal distribution are likely to be operating in the postnatal period.
Although the pathogenesis of the sudden infant death syndrome (SIDS) remains unclear many researchers believe it to be a biphasic event. Antenatal factors may cause the infant to be physiologically vulnerable.' Such a vulnerable infant may then require environmental loading factors to trigger a SIDS event during the postnatal period.2 The age at death distribution of SIDS iS unusual, with low risk during the neonatal period, a marked increase from the second until the fourth postnatal month, and a decline thereafter. The age at death distribution is thought to reflect a development physiological process which places the infant at risk of SIDS, although this has been disputed.3 4
Seasonal variation in the incidence of SIDS has been well documented, with an increase in cases during the winter months. Recent work in Sweden and England has concluded that the seasonal pattern of SIDS death is predominantly associated with variation in month of death rather than in month of birth. 5 The adjusted months of birth were grouped into seasons. For example, the adjusted months 1, 2, and 12, corresponding to January, February, and December, were grouped as summer. The age at death distribution was examined for each season of birth. As the age at death distribution is not normally distributed, the median rather than mean age at death was used to describe the average age at death. The rank transformation was used and a conventional analysis of variance conducted'3 to assess the overall significance of any variation in average ranked age at death for the four seasons of births. The differences between the four groups of infants born in the different seasons with regard to median age at death were examined using the Bonferroni multiple comparison test. 14 Age at death was also grouped by season of death and analysed in the same way. Month of birth significantly from a uniform, non-seasonal Null hypothesis = uniform seaonal distribution (ie, no seasonal variation) Df= 3 W:S ratio = winter cases:summer cases group.bmj.com on August 27, 2017 -Published by http://jech.bmj.com/ Downloaded from distribution. A seasonality analysis by HelwegLarsen et al found that month of death but not month of birth independently influenced the risk of an infant dying of SIDS. 5 Osmond and Murphy using a large SIDS data set of 6229 cases found a small but independent month of birth effect in addition to the larger effect of month of death on seasonality.6 These findings suggest that the seasonal distribution of SIDS is likely to be mediated mainly through postnatal factors.
Age at death reflects the link between date of death and date of birth. As this study found month of birth to be uniformly distributed and month of death to be seasonally distributed, one would expect the infant age at death to be seasonally distributed. Consistent with this, a significant difference in median age at death by season of birth was found.
Previous studies have revealed a tendency for summer born infants to die at older ages but have not established this tendency to be statistically significant by using a multiple comparison test. 1620 This study found that spring and summer born infants died at a significantly older age than winter born infants. Our finding that infant age at death is dependent on infant season of birth would support Carpenter and Gardner's impression that "whether infants at risk die depends on environmental factors". '7 In Tasmania, these environmental factors appear to be largely related to the winter season. Thus there is a tendency for vulnerable "at risk" infants born in spring to survive until additional loading environmental factors occur (in this study 30% dying at an age greater than six months) whereas infants born in winter, when the environmental loading factors are already present, will die as soon as the critical physiological development phase begins.
In this study, prospectively collected birth notification details were available for over 99% of live births during the 12 year period, minimising sampling bias. The total live birth cohort of the latter seven years was used as a control group to examine perinatal SIDS risk factors. The selection bias2' resulting from this must be considered. Of the six identified SIDS perinatal risk factors, only maternal age altered over time. It increased from [1975] [1976] [1977] [1978] [1979] are excluded from controls, not cases, this could have led to an overestimation of the maternal age effect, although the seasonal distribution of this risk factor would not be affected. The perinatal risk factors identified in this study have all been previously documented. What we currently lack is an understanding of how such risk factors operate on the infant. In this context, a consideration of what the evidence concerning seasonal effect implies about risk factor mechanism becomes important. As the SIDS seasonal pattern is mainly due to variation in infant month of death, it follows that a risk factor with a strong seasonal trend is likely to be operating in the postnatal period.
We propose that the pathogenesis of SIDS might best be represented as a biphasic model with three pathways for risk factor effects (fig 4) . The model takes into account that the syndrome may be multifactorial in aetiology. One could consider an extrinsic risk factor to operate along three possible paths. Firstly, it may operate antenatally. Secondly, it may operate in the postnatal period by increasing the infant's exposure to seasonal environmental triggers. Thirdly, it may operate during the postnatal period but independently of season. Using this model, we can more readily assess how the risk factors "male sex", "young maternal age", "high birth order", and "maternal smoking" may operate.
We found an excess of male deaths to occur during winter. This indicates that the risk factor "male sex" increases risk during the postnatal period of infant life. Male infants are more likely to develop bronchiolitis and pneumonia due to the respiratory syncytial virus. 22 This virus has been implicated as a precipitating factor in sudden infant death.7 However, the factor "young maternal age" is associated with increased risk throughout the year, regardless of season. It is therefore unlikely to be operating in the same way as suggested for "male sex". Evidence from other studies suggests that this factor may operate postnatally, independent of season. Although the relinquishing mothers of adopted infants are young,23 the incidence of SIDS in adopted infants has been found to be similar to the incidence in natural born infants.24 The risk factor "young maternal age" is therefore unlikely to be acting predominantly in the antenatal period. Social and environmental factors are likely to be important in explaining the difference between the infants of younger and older mothers in postneonatal mortality. Babson and Clarke found the infants of the two maternal age groups to have a similar incidence of lethal malformations and weight specific mortality in the neonatal period, suggesting that biological differences between the two groups are minimal.25 Thus one could postulate that the third pathway in the model (ie postnatal, non-seasonal) is involved. For example, young mothers may have different child care practices.
The observation (non-significant) that higher birth order infants are more likely to die in winter than in summer supports the hypothesis that these infants are at higher risk because of increased viral exposure.
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